Pancreatitis, in common with many other upper abdominal diseases, often leads to pleuropulmonary complications. Radiological evidence of pleuropulmonary abnormality was found in 55% of 58 cases examined retrospectively. 
Pancreatitis, in common with many other upper abdominal diseases, often leads to pleuropulmonary complications. Radiological evidence of pleuropulmonary abnormality was found in 55% of 58 cases examined retrospectively. The majority of such abnormalities are not specific for pancreatitis; but a particular category of pleural effusions, rich in pancreatic enzymes, is a notable exception. A patient with this type of effusion, complicated by a spontaneous bronchopleural fistula and then by an empyema, is reported. The literature relating to pancreatic enzyme-rich pleural effusions (pathognomonic of pancreatitis) is reviewed. Of several possible mechanisms involved in pathogenesis, transdiaphragmatic lymphatic transfer of pancreatic enzymes, intrapleural rupture of mediastinal extensions of pseudocysts, and diaphragmatic perforation are the most important. The measurement of pleural fluid amylase, at present little employed in this country, has considerable diagnostic value. Enzyme-rich effusions are more commonly left-sided, are often blood-stained, are frequently associated with pancreatic pseudocysts, and-if long standing-may be complicated by a bronchopleural fistula.
While the association of pleuropulmonary abnormalities with acute upper abdominal disease is well known, the combination of pleural effusion with pancreatitis is relatively uncommon. A proportion of these effusions are rich in pancreatic enzymes, a fact well recognized in the United States and on the Continent but not, judging by the literature, in Britain. Early reports by Phillips (1901) , Alivisatos (1920 ), Clairmont (1926 , and de Takats and Mackenzie (1932) referred to pleural effusions in pancreatitis, but it was not until Werner's article, in 1942, describing the significance of pleural fluid amylase, that the unusual nature of these effusions was appreciated.
Though the majority are associated with pancreatic pseudocysts, Judd, Mattson, and Mahorner (1931) , in a comprehensive review of the early literature on pseudocysts, made no reference to pleural effusions. Likewise, Bickford (1948) by a mass lying between it and the vertebral column (Fig. 1) . Operative exploration was not felt to be justified, and he was discharged on 27 January.
A follow-up barium meal on 15 April 1966 showed that the mass previously noted had disappeared, but that a small left pleural effusion had developed. Over the next few weeks he became increasingly short of breath and was readmitted to hospital on 24 May. He was ill and had the signs of a large left pleural effusion (Fig. 2) (Fig. 4) .
Over (Ochsner and de Bakey, 1938) . It is probably not surprising, therefore, that acute inflammatory processes of the pancreas, an organ closely related to the diaphragm, should be associated with pleuropulmonary abnormalities, the radiological features of which were first described by Hulten (1928) and later by Case (1940) . Attempts to estimate the frequency of such abnormalities (Lipp and Aaron, 1950; Felson, 1951; Coffey, 1952; Meyers, Brown, Boone, and Henderson, 1955; Bockus, Kalser, Roth, Bogoch, and Stein, 1955; Stein, Kalser, Sarian, and Finkelstein, 1959; Hammarsten, Honska, and Limes, 1959; Roseman, Kowlessar, and Sleisenger, 1960; Sharafaev, 1961; Fishbein, Murphy, and Wilder, 1962; Classen and Hooper, 1964) have yielded widely differing results. These differences can be attributed, at least in part, to the fact that the criteria employed for the diagnosis of pancreatitis, for the assessment of pulmonary abnormality, and for the exclusion of patients in whom other factors (e.g., operation) might be relevant, were not the same; nor was there uniformity in the descriptive terms used for the categorizing of abnormalities. In those series which relied upon radiological examination, the recorded frequency of pleuropulmonary abnormality in patients with pancreatitis varied between 14% and 53% (as compared with 55% in the present series). Considering pleural effusion separately, the figures varied between 3% and 17% (8% in this series).
Although Although most authors agree that a level of amylase in pleural fluid which is significantly raised above normal and also higher than simultaneous serum values is virtually pathognomonic of a 'pancreatogenic' pleural effusion, Cachin and Battesti (1964) have described a patient whose pleural fluid amylase was very high (53,000
Somogyi units/100 ml.), yet in whom the pancreas was macroscopically normal at laparotomy, though a biopsy showed minor histological abnormalities. However, no other cause was demonstrated for this effusion, which resolved following laparotomy. Clauss and Wilson (1958) state that raised amylase levels occur in effusions with primary bronchogenic carcinoma and with primary and secondary retroperitoneal tumours invading the thoracic duct, though they do not provide evidence for their view. It is true that Ende (1960) , examining 28 pleural effusions in patients with diseases other than pancreatitis, found a significant elevation of amylase in five, each of whom had primary or secondary intrathoracic neoplastic disease, but it must be stressed that this rise was slight only. Ende indicated a possible cause for such a rise when he demonstrated, in one patient with a bronchogenic carcinoma, an elevated level of amylase in hepatic tumour deposits. Others have investigated pleural fluid amylase in patients with effusions unrelated to pancreatitis. For example, Werner (1942) , Hammarsten et al. (1959) , and Warter, Metais, Weill, and Storck (1962) , examining, respectively, 7, 12, and 21 pleural effusions, found the amylase levels in all cases to be within normal limits. Modai, Hazard, and Domart (1965) (Phillips, 1901; Alivisatos, 1920; Clairmont, 1926; Werner, 1942; Jones, 1944; Schiepatti and Vernengo, 1946; Gambill, Baggenstoss, van Patter, and Power, 1948; Bickford, 1948; Gross, Null, and Loeb, 1952; Smith, 1953; Byrd and Couch, 1955; Juniper, 1955 Roseman et al., 1960; Sharafaev, 1961; Bittar, 1962; Blumberg and Stein, 1962; Goldman, Goldman, and Fleischner, 1962; Saubier, Viard, and Termet, 1962 Of similar relevance must be the frequent association of enzyme-rich pleural effusion with a pancreatic pseudocyst. There was clear evidence of the latter post mortem, at laparotomy, or on radiological grounds in 38 of the 73 cases. In a further two cases pseudocyst was suspected on the clinical finding of a cystic tumour in the left hypochondrium.
It is worth noting that the effusion was bloodstained in 24 of the 73 cases. There was no correlation between the presence, in pleural fluid, of blood and the level of pancreatic enzymes as measured by amylase.
Views on the pathogenesis of these enzymecontaining pleural effusions differ. It is clear that several mechanisms may be involved. These will be considered briefly in turn.
DIRECT CONTACT OF PANCREATIC ENZYMES WITH DIAPHRAGM Harley (1955) , in a discussion of 188 patients with subphrenic abscess, suggested that the serous pleural effusions which developed in 48 instances were the consequence of exudation from subpleural diaphragmatic vessels which were more than usually permeable due to inflammation -in effect, pleural oedema. Since, as he pointed out, the diaphragm forms part of the abscess wall, this explanation is probably correct. A similar situation can be envisaged in pancreatitis. Although, in these circumstances, inflammation is chemical rather than infective, the result (pleural exudation with the formation of serous effusion) will be the same. However, this mechanism can be relevant only to the non-specific type of pleural effusion. It cannot account for those effusions in which the concentration of pancreatic enzymes is higher than that in the blood.
HAEMATOGENOUS CARRIAGE OF PANCREATIC ENZYMES
TO PLEURA The basis for this theory is the occurrence, noted towards the end of the last century, of fat necrosis in sites remote from the pancreas during acute pancreatitis. Balser in 1882 described such fat necrosis in bone marrow and subpericardial fat. Hart (1904) referred to necrosis in perioesophageal, diaphragmatic, parietal pleural, and subcutaneous fat. A somewhat crude experimental analogy was provided by Payr and Martina in 1906 when they produced subcutaneous fat necrosis in animals by the intravenous injection of pancreatic debris. More pertinent to the pleura, Schiepatti and Vernengo (1946) were able to produce pleural reaction by the injection, either intravenous or into retroperitoneal tissues, of pancreatic enzymes. But, using the intravenous route, they had to employ high concentrations of enzyme which were rapidly lethal.
Haematogenous transfer of enzymes cannot account for the' greater frequency of left-sided effusions, or for the fact that enzyme concentrations are higher in pleural fluid than in blood. It is difficult, therefore, to accept it as a factor of more than minor importance.
DIRECT MOVEMENT OF FLUID FROM ABDOMEN TO
THORAX There are various possibilities: Transfer of fluid via natural hiati Such hiati are a necessary consequence of the piercing of the diaphragm by the oesophagus, inferior vena cava, and aorta. The immediate result of fluid finding its way through these hiati would be the formation of mediastinal collections. Such mediastinal extensions of pseudocysts are well described in pancreatitis (Jones, 1944; Edlin, 1951 ; Clauss and Wilson, 1958; Poppel, 1959; Moreaux et al., 1966) . For pleural effusions to develop in these circumstances, the mediastinal collection must break through the pleura into the pleural space, either by the effect of pressure or, possibly, by pancreatic digestion. Communication between mediastinum and pleural cavity was demonstrated in patients described by Jones (1944) and Moreaux et al. (1966) , but such an occurrence is either very rare or very difficult to demonstrate.
Diaphragmatic perforation by a pancreatic pseudocyst This possibility is frequently raised but much less often demonstrated. Some (e.g., Goldman et al., 1962) go so far as to suggest that one may assume the existence of a communication between supra-and sub-diaphragmatic collections in those effusions with a very high amylase content. However, it must be stressed that several patients with such effusions, and without any evidence at laparotomy of pseudocysts or transdiaphragmatic fistulae, have been reported (Sharafaev, 1961 ; Warter et al., 1962; Cachin and Battesti, 1964) . Well-documented examples of perforation are scarce. Poppel (1959) refers to a patient with 'lysis' of the diaphragm but does not give adequate clinical details. Convincing examples of fistula formation between abdomen and thorax have been described by Hunt (1954) , Sease (1956) , Ruffo, Pironti, and Massa (1960) , Dignan (1965) , and Bergmann et al. (1965) . In all except the case reported by Bergmann the fistula was between the pancreas and the bronchial tree, rather than the pancreas and the pleural cavity. However, these cases demonstrate clearly that diaphragmatic perforation, if uncommon, may follow acute pancreatitis.
Certain features in the clinical picture of the patient described earlier in this report suggest that diaphragmatic perforation might have occurred. Thus, at the time when there was radiological evidence of a pseudocyst, he did not have a pleural effusion, whereas when his left pleural effusion became manifest some weeks later, further radiological examination suggested disappearance of his pseudocyst. The fact that no communication was demonstrated following the intrapleural instillation of radio-opaque material may have been due merely to inadequate technique. The shortcomings of this investigation are exemplified by a patient described by Moreaux et al. (1966) , in whom Lipiodol injected intrapleurally did not appear below the diaphragm, yet operative pancreatography shortly afterwards demonstrated a pseudocyst which extended into the posterior mediastinum and communicated with the left pleural cavity.
Transfer of fluid into pleural cavity by transdiaphragmatic lymphatics This hypothesis has much to commend it. The early work of such authors as Bizzozzero and Salvioli (1876) , Muscatello (1895 ), MacCallum (1903 , Bartels (1909) , and Florey (1927) established the existence of numerous lymphatic vessels joining the lymphatic networks of the superior (subpleural) and inferior (subperitoneal) surfaces of the diaphragm, the peritoneal mesothelium overlying the latter being separated from the endothelium of the lymphatic vessels by only a thin fenestrated basement membrane. It is easy to imagine, therefore, that fluid, with its various constituents, lying in relation to the inferior aspect of the diaphragm, might be transferred to the subpleural lymphatic plexus. In most mammals these lymphatics drain into the right lymph duct via internal mammary and anterior mediastinal nodes, and into the thoracic duct via posterior efferents (Bolton, 1921; Higgins and Graham, 1929) .
The lymphatic transfer of substances from the abdomen to the thorax is well supported experimentally. MacCallum, in 1903, demonstrated staining of anterior mediastinal nodes with carmine following the intraperitoneal injection of the latter in dogs. The rapidity of transfer of particulate matter was shown by Cunningham (1922) , who found that sheep's red cells, filtered lamp black, and unfiltered carmine particles appeared in the anterior mediastinal nodes of cats only three minutes after intraperitoneal injection. Similar findings were obtained in dogs by Lemon and Higgins (1929) . In man, outlining of intrathoracic lymph nodes with radio-opaque material (thorium dioxide) occurs following its intraperitoneal injection (Menville and Ane, 1934) . Of more immediate relevance to pancreatitis, Perry (1947) injected intraperitoneally into rats a mixture of graphite and pancreatin. He found that in these animals, killed between 18 and 48 hours later, there were areas of fat necrosis in the thoracic cavity, and that such areas corresponded to lymphatic channels, as delineated by graphite. One may accept, then, that pancreatic enzymes released during pancreatitis, lying in the peritoneal cavity or alternatively in high concentration in a pancreatic pseudocyst which is limited in one direction by the diaphragm, may readily reach the thorax by the lymphatic route. Moreover, the lymphatic drainage of pancreatic enzymes has been demonstrated in health as well as in disease (Dumont, Doubilet, and Mulholland, 1960) .
How enzymes pass from the subpleural lymphatics into the pleural cavity is uncertain, but it is possible that spaces between mesothelial cells may be produced by stretching, such as occurs during respiratory movement (Allen and Vogt, 1937) . That substances do pass from subpleural lymphatics into the pleural cavity is supported by observations that materials such as protein and India ink, injected into the ascitic fluid of patients with ascites and hydrothorax complicating cirrhosis, or with Meigs' syndrome, rapidly appear in pleural fluid in a concentration higher than that reached in blood (e.g., Meigs, Armstrong, and Hamilton, 1943) .
In pancreatitis, enzymes may reach the pleural cavity merely by causing an intense chemical inflammation, and hence increasing the permeability of lymphatics through which they travel. If lymphatic obstruction results from inflammation and fat necrosis in and around lymphatic channels, this would be a further factor tending to promote the movement of fluid and enzymes into the pleural space. In this connexion, Courtice and Steinbeck (1951) have shown that in ascitic rats ligation of retrosternal lymphatics is followed by the development of pleural effusions. And, indeed, the invasion of intrathoracic lymph nodes, BRONCHO In summary, several mechanisms may be responsible for the development of an enzymerich pleural effusion in pancreatitis. The movement of enzymes into the pleural cavity by a lymphatic route would appear to be of considerable importance. Occasionally, there is a demonstrable communication either between a subdiaphragmatic pseudocyst and the pleural, cavity or between the mediastinal extension of a pseudocyst and the pleural cavity.
The striking predilection of enzyme-rich effusions for the left pleural cavity may be largely explicable on simple anatomical grounds, since the pancreas is more intimately related to the left hemidiaphragm than to the right. A similar relationship holds for fluid collections arising from the pancreas. Therefore, effusions, whether formed by lymphatic transfer or by diaphragmatic perforation, might be expected more frequently on the left side. This preponderance of left-sided effusions, even in the absence of pseudocyst, would suggest that the transdiaphragmatic lymphatic transfer of free peritoneal fluid formed during pancreatitis is a factor of relatively minor importance in pathogenesis. In Meigs' syndrome, in which there is good evidence that lymphatic transfer is essential to the development of pleural fluid, effusions are usually right-sided (Meigs et al., 1943; Hammouda, 1967) .
Finally, bronchopleural fistula is perhaps the least common of all the pulmonary complications Pleuroppulmonary coinplications of pancreatitis of acute pancreatitis. As mentioned earlier, several examples of pancreatico-bronchial fistula have been described (Hunt, 1954; Sease, 1956; Ruffo et al., 1960; and Dignan, 1965) . In these patients pancreatico-bronchial fistula followed the blocking off of an external pancreatic fistula which had developed after laparotomy. Pleural effusion was a relatively inconspicuous feature and, where present, was not shown to be enzyme-rich. The patient reported above differs, therefore, in several respects. He did not have an external pancreatic fistula. His pleural effusion was large and proved to be rich in pancreatic enzymes. As far as could be determined, it was not accompanied by diaphragmatic perforation. It was present for four months before the development of bronchopleural fistula. The latter, it is suggested, was the consequence of digestion of pulmonary tissue, with overlying visceral pleura, by pancreatic enzymes. Figure 6 illustrates diagrammatically the ways in which the various pleuropulmonary complications of pancreatitis may arise. Chylothorax, a rare accompaniment of chylous ascites associated with pancreatic pseudocyst (Traquair, 1946; Evans, 1960) 
